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ERRCORS IN WALL FRICTION MEASUREMENTS PERFORMED WITH

THE AID OF A FLOATING ELEMENT BALANCE IN A TURBULENT
FLOW WITH A MODERATE ADVERSE PRESSURE GRADIENT

N. D. Vinh

Because of the longitudinal pressure gradient and the
existence of a pressure difference between the tank and the
test section (Figure 1), secondary forces will falsify the
measurements of the floating element balance. These forces
can be attributed to: (1) The distribution of the floating
nead and (2) the flow across the slit [4].

Here we will study the behavior of a circular floating
element balance having a diameter of 127 mm [1] in a two-
dimensional turbulent flow with moderate adverse pressure-

gradients
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In the first place, because of the 1ongitudina1_gradient
of the adverse pressure, there 1s a static pressure distribution
inside the‘ﬂlow whiech produces a force in the directlon opposite
to the direction of the wall friction. This stati@lpressure
force is in general small compared with the true friction
forece for sufficiently small floating element thicknesses,
except for the vicinity of the separation region of the boundary

layer. In the case of a circular element, we can determine it by
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Figure 1. L: variation of static ;é/' 0 2 4
pressure in the test section; - : - -
M: Preston tube; e: entering
flow; 8: departing flow Figure 2. /1116

means of the following relationship [2, 3]:

1 dps

Fyu=
2dx

where € 1s the thickness of the floating element, dp/dx the
longitudinal pressure gradient (pl - pg)/D and S the area of the
floating element (wD 2/4). For a given floating element geometry
and a given flow configuratlon, this force represents a constant
fraction of the friction foree. In ocur case it is on the order
of 2% maximum for the element 1 and 8% for element 2 (Figure 2).
In addition, experience shows that it is independent of the

tank pressure p,, at least for PSP Sp |l

Secondly, the flow across the slot partially perturbs the
main boundary layer and reduces the local wall friction over



part of the surface of the floating element (Region A, Figure 1).
In order to restrict this "perturbing" zone of the flow, we
reduced the tank presasure P, by using aspiration pipes. It
should beé noted that for the Element 1 (0.1 mm slot) when

Pe approaches Py the force reaorded by the balance goes towards
the one recorded by a Preston tube without the slot (Figure 2).
However, this characteristic was not found in the case of
Element 2 because its larger dimension (0.76 mm instead of 0.05
mm) makes the stagnation pressure effect more important for

the two sides of the Ffloating element (Region B and its diagram
in Figure 1). In any case, since this stagnation pressure force
acts in the -direction opposite to that of the force F_, which

is not negligible for Element 2, we have shown that by the
selection of the value of P it is possible to suppress the

two errors [2].|

In order to evaluate the reduction in the wall friection pro-
duced by the "perturbing" flow over the floating element, we
displaced a Preston tube with a diameter of 0.81 mm along the
flow starting at the edge of the floating element. We also noted
the indications_given by thig tube for a variable pressure P,
range with and without the sloft (very thin adhesive paper was
used to produce the conditions "with and without the slot"). J1117
These results allow us to experimentally determine the percentage

reduction in the wall frietion for various tank pressures p,

(see [2]).

2]

Figure 3 shows that by reducing Poo the influence of the
flow across the slot is minimized. However, for Element 2,
as mentioned above, it is necessary to retaln a pressure Pe
slightly less than (p1 + p2)/2 in order to suppress Fst
and the stagnation pressure at the same time, and to then correct
the effect of the "perturbing" flow by the determined percentage
of reduction [2]. The inlet flow ¢ (Figure 1) upstream of the

floating element has no influence on the pressure recorded by the



. : - -| Vs
] quthout q With mH 0‘ !
slot __stotl.__ . .

| 1,21 \

\ - —.—élément §
0 __\, —.—élément 2
f8 \\ -p = 086(mmH o)

N \\c/
\\ 2]6
0N Q\\Q/l 22

6 20 30 40

Figure 3. q: dynamic pressure recorded by the Preston tube;

x: measured from the edge of the floating element (z = 0)

Preston tube located upstream, at least For P1SP.S Py

In conelusion, for an element with a sufficiently small
thickness (for examplejElement 1) and for moderate adverse
pressure gradients, the secondary force due to the static
pressure gradient 1s small compared with the true wall frictlon
force. Also, it is possible to minimize the error produced by
the outgoing flow upstream of the slot by reducing the tank
pressure. The friction values found in this way for Element 1
and for Element 2 (after correction) are close to those obtained
using the Preston tube (calibration formulas of V. C. Patel)
or by the method of Dickinson [5].
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